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Tfloje ^Hl ^^A>olc^( meta l silicide layer)# ^^Kr «o v ^ 

^l^-W. £ °^ ^^Hl ^tb ^--E^l 7^ *}2= nf^HChard mask) 

# B^*]^^ 7flole(gate of transistor)* ^^tri=f. ;HMH£] ^ 

^] ^siM^ (spacer)* ^trtf. ^Ha-H ol^Hf- *V£*fl 7\% ^°\) ^]i^J 

^ ^SRr ^^r#* ^^*>J1, ^^Afol^s}- ti>-g-A)^ TllojE aVcH] *fl2^A> 

£ 7 
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^M] ¥^l-g: ^ ^^Afolcf,^. ^*>fe. {Method for forming thick 
metal silicide layer on gate electrode} 

100: 7l^r, 200: 7lHB, 

201; lc#3fe Tflolje ^ 

205: ict^ir 711 o]h ^ , 

230: *}JE. o>^ 3 (hard mask), 250: TlMH ^H^, 

251: TiMH ^3f)lo]A^ o^ fl -ho^ 

310: afll^e^M^, 350 : *]|2^e| a>o] j= ^ , 

400: ^ 401: ^^r ^L#2] <H*fl 

500: *!<*l#. 
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* ^£^1 ^Hl ^JlsL, ^1, TllolH ^ #°fl TflolB ^^-(gate 

electrode)^ 4% v * tf^S^M ^£^H ^-^(metal silicide layer)# ^ 

-t(cell)^ 3.7]°\ ^-±<% tg-*|| ^=#S)J1 5^ ^iHcf. n 
eicfl, y>£^l ^>o^ tq^>oi l-(design ruleH O.lj^m o]^> ^4i=Hl nj-e)- aflS 

^* *HI*Rr ^si ^^^-l-o] tflifsqjL oicf. #oJ f ^ ^ 

0.1/zm °1*>S^ 711 °1H sflH^^| o^^^-, ^i/^Efloi ^(source/drain engineering), 
^ (contact) $\ f§^9] o]z\^r, (met a 1-1)^ sflE^oll^ o^-g- J=-ol 

rfl^f-sU oicf. 

a>S.^l ^2:^ 4^HH H^*l ^(transistors J\}^7\ =■ 

^ (metal contact) ^ ^l^#(metal-l) <r<8«H, 

^•£^11 7l#°l (active region) 4 ?lMH°fl -g^M H^l^El* ^ 

3€-(Si) ^ cf^^g ^3 ^(poly-Si )£- =l *>*f|3.fe- a|^M 7^ H€*1^£-H1 

^sJ-tt ^oi -g-ol^i 5g 7 >£lJi on- m^I <H*1H 
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4^44 ^4^4 4 2]^°-sL VH^7l 4tr ^4 44. ^11- # 

4, 4444^s|-(silicidation) 444 ^4^- &4. 

4^4 H 314 ^4 5.4 ^ ^-g-g. 4«"4 44 4*114, ^^^4 ii/j=e)l 

4^4 7flo]H 44 4444^8: tg^^*} t}^ 4444^4 ^o) 

<« 1"4, 4^^" s.^ ^ 6,376,320 BlJU2002id 4^ 2344 f-^-, Bin Yu 4 
4: "Method for forming field effect transistor with silicides of different 
thickness and of different materials for the source/drain and the gate")°11 *1144 

3- 44. °144 44^ 4444-Bf^l- i<y^-o.s.^) 4i^/= eflo] 

7llolB# 4^ £ - cf^^^ 44^4 ^ iL/^H 4434 

44-§- 4513. &4. 

^44, av^^l ^^S] 444 l-o] o.l^m ol4 ^^44 44, 444 4 

^44 4s]4 0 l=4 ij.^^. \£^i=- Jl^I- ^4444 nfl-f 4^44 

Ji $14. 4^- 444 #4 4^°ll 44 444^3. 44tt ^14 ^ 4444^* 

^4444 nfl-f cfl 37ll 7l ol^j7 ol^ ^^)A>o]=2}- 4*<M14 ^444 

= ^ 4444^4* 444 #44 ^#4 44^(H^r 4444 44-^)4 4#4 
4 4^ 4^44 4 443-^5 ^444. ^44, 444 1-4 44, 444- 

^# <344 a.47> 3.4 *H444 4-E-^l ^44^ 4 4 44 ^#4 ^^-4 44 
141 ^444 4444^ 44. 

H4 4^144 4444, 4^44=4 44 £ 44-^ 444 ^4 444 4-§-^l 
4*114 MSi x 4 4444^ #44 443^7 441- 4-8-4^. 44. 444, 4^44 = 

4- 444 44*11 ^444 ^344, #£-4 44-E i^CSi source)* 
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^■g-sfl^^o]: ^slAj-olcgj. av-g-o] ^ 014. ZLficfl, tiV^^l ^>S] c]^> 

o] l-ol c^j-oi l-o] o.l/an °]ffr #i=Hl ^1^*1-71 

*l^g^ 6,376,320 Blsofl *1H£ wj-ofl rtfe^, <iH 

fMl 42} TfiolH^ o.l/zm o]*>S. ^S]J1 ^A£l, ^e)A]-ol=^ 

£ TlMB^l ^ S^(top surface) A <H1 S^^Ml €4. 4^1, ^^#^r 

^-iS]^ 711 °1B ^ olcfl ol 3711 Til ^Cf. 

, 7l]olB^ ^# ^3 5E^ ole^ TllolB^I S^^H 21 

0 l^r 7)1 ol e^. ^ ^ ^S^, TllolHS-^BlSl ^Sl^ ± 

^ tt*] *Htr€ "t^*} ^£ ^ ^£lA>ol^o. ^olB ^Hl ^ 

^Mfe ^3^*1 4. °1« ^5r^>7l ^elA>ol^. 4^01 ^Sl^r £r£ HL^r 

* ^7}*)^ ^^AH^ol =7,1 ^7}-!- ^ ^SlA>ol= ^ 

*fl 6,376,320 BISlofl ^1*1^1 ^ ^i/^ell°J ^ ^H] o]ul 

36-7 



1020030001051 #^ 2003/5/31 

= tiV-f-i: AJs]^ ^-##3^ AJ3.2. ^ ^ ^^ofl ^^o. 

S $\^*U] ^elA>ol^ j^o} ^ ^51 £ Al^-g- ^ 7 >ofl o]*flA| AjelA>ol = 

nJ-eM, t)*}9l 4s]- O.ljwn TflolHS] Aj^ol o.l/an °1*}5. 

3711 #^S\$r 3 -MS. ^ TflolBS] A^ 0 V-g- ^^^>7l flSIHfe, 

°1 3 ® #-g-*l ^£ ^1^1 ^B]A>ol^f,o. c^o] ^ofl ^ 0.1/zm °1 

TflolB. Aj-Ofl ^A^> 7 1 ^^A^ ( ^-g-*V AJe]S A^AMEII 

°fl *H*« ^ 91^ «<HH ^-^i^ o.s. Jl^Tti £t}. ^3 0.3. Aj^S iit 

£r ^°1 °l¥^*> *V^r 71^^ *M1tt, TflojH A^V ^Sl-l- ^*1H Til Ol H # 

°\) ^2]? *H^« ^ &s.^- TfloiH 4H1 ^£ ^1 
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A o V 7l ^4? ^^Aj-Ol^^^. ^<j>}^ ^V«j£. «l£^l 71 ^ ^Hl 4i3t ^ 

ofl B^l^E^ TllolH* ^*Kr ^"71 7fl°lHS] ^ ofl iMM^* 

^*Kr #31 ^-7) ^3)]o]Aio11 o]^^ # 7 ) oyc^j 7 )^. w.«.ofl ^]l^S]A>olH.t- 
-fr ^ A c^Kr #3lS+, ^-71 ^l^e]Afo]n f |. gji Aj- 7 ] Pfia ^ ^71 ^0]^ 

^ ^ ^» 2r.#^Rr ^*Hr #31$!-, ^-71 ^ D [a 3S ^ 

^ ^-71 ^ ^-7] ^|o|Al2] ^ Jf-^* ^7] 3MH 

^1 ^ ^"71 TflojH^ ^ ^ fi<£^T #31^, ^>7l 711 o]E 

51 S# ^ ^ S^^l ^#*Rr S^Sfe #31, ^ ^"71 ^S] 

AVolJ=3* #-§-A]^ #7] TflolH Aj-ofl ^ 2 ^A>olJE.## ^^j^ #3ll- ^ 

*Rr ^im Cfl , ^7l f}i 3 H i^-^H 

9X51, ^7) ^}o)A^ ^3. ^f-^M ^ olj7, #71 ^51 

^-7] ^f^gr ^"71 *fll^ii|A}ol.E.# ^Hl ^<£## f^*}^ #31, ^ ^-71 

71 sf^L n>^£l<3] AV^ S^^. Alzl- oj-g-^ Aj. 7 ) ;go^-g- ^J^Kr #711, 
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^ 544. #7l ^ll^5lA>olc^c. 3 HVE ^A}oli=## SLQ-S}0\ ^S\J1, 

^l2^5lA>o]c^ A o V 7 l ^l^Aj-Ojc^^ c].a ^B^WS.^* JL#3H ^# 

1 ^ SEtK #71 *)l2^A}ol«o. AV 7 ] TflolH^l #71 -g-^ -^^-o)] ^^-fe- 

^ a^Sl #^1 SlSfl>H Aj. 7 l ^l^e|A>ol^oll ^^jg ^ oj^ 

St!:, #71 ^^H^* ^Aj^ « 0 >^^, 1V£^] 7]t #<>fl nf^H 

» #^H 7H^r H^liEiSl TflolHl- ^#*Rr ^Sl-, #71 TllolHSl ^«H1 ^sfl 

^#*>tt ^r^l<4, #71 ^BflolA^l o]^§>^ Aj-7] OV^^I 71^- w.«.oll *H 1^21^1" 
°1^* *§^*Rr ^711 Si-, #7l ^U^BlA>olc^ x£o] Jl <# 7 ] f>\B. ^ 

#71 ^HAi# o|#£l^ ^#*Rr #31 2}-, Aj-71 ^ 

#°fl #71 ^JEL ^ ^-71 ^3flolA-loj ^ «.^ofl ^-71 Alzj- JjL 

^bH^ ic#*>^ ^<3#^ ^#*Rr ^TllS}-, #71 *3<3^8r #Zl- nf^fiJL t 

#71 ^14 J=L-g- ^ ^Z}- ^ o>eflSl #7} ^ nj-^H ^ Aj- 

71 ^SlM^o] ^ W-^-g. AjEfl^ #71 TiMEO} a o V& ^ ^ #71 711 Ol 

H^l ^ ^#*}tt #31 a o > 7 ) TflolEoj ^ £l g 

<Hl ^#*Rr ^711, ^ #71 ^elAfol^sf *Y^A}^ AV 7 ] ^ 

°|H #^1 *H2^AH-^t^ ^*Rr #7^ ^ o^Cf. 
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^-71 ^<S#^ ^71 ^Z* ^oHl ^71 ^*Kr #7fl, * ^-7] 7^1 ol 

7l ^f^* ^S^Rr #3], ^ #71 ^Z}- ^ ^-71 ^Z]- f^L#°| O^fl 

nfl , ^^A>ol=^- ^S>7] ^*IM £^3^ ^H§^ TflolH^l ^#S]^ 

A>ol^ ^ <g^^- ticf ^Tfl ^SLtrH ^e)A>ol^ aV^-ofl ^ej^. 
» ^ 5£:£^- ^-§-^H, TfloiH A oHl <§^-si ^e)AH^#-i: <g>8 

^l^^ ^TlHH ^5-^^ ^1^* 7>^I 7H)7fl ^"^^ ^Cf ^;^§>7fl ^^^71 ^ 
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7j2i*}7} ^S\o]^\ $o]x*\ t ^ *£6%X\ ^3L£. SA^g 

-2-^i# ^oj^-cf. ^ #°1 ^ SEfe i&SESfl 7l^ »#»o{| ^cfej-ji 7l*flS] 

^-M, ^7) ^ ^"71 Cj-S. # HL^r «V£*fl 4 s 

Sl^Kr 31 <?} <8 3 ^ll^s]A>ol=^ *g ^ #31 <4 ?]} olH ^12^J 

S^HS.^* cj-^ ^*Kr W># *flA}^cf. TllolH ^Hl 7^12^51 

Aj-ol c*^. ufl, 711 o]E^ S^^^ c>Msl- TflolH^l ^ i£(^3>§- t 

#3T>£^- fj; , ^ Tfl <>1 2=3 A c V ^ ^ ^°fl ^ #*Kr ^#-§- %^*}JL 

■& ^3 *JaHH ttj-s^ TflojHSl K^*}: ?]} olH^l ^-g- ii# 

f^, ^rf^ TflolB^ ^^-1: ^711 ^ ^-g-^ 

0.1/flii °1*> ^-^.S. 3711 ^slclefs, ^Ajs)^. ^e)A>o] = 2l <#o] TflolB^l 
3. ^1^ ^^a>o] = ^ ^-t&ig + oiq-. 

^^A>olcgj. tiV-g-oflA^ 7flolH# ti>^-3l^>7fl ^ <5>^ Cj-^^^ A] 

e^oj ^^A>o] = 5j. a>-g-ofl ^i)^ ^5.^, ^ejA>oic^ <# 0 ] ^^o^s. 
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TflolBS °l-?-^r nf^^^ ^3^4 7j-<2} ^ Tg^o^ ^ £o fl 

-g- ^Al^ofl^^ ^BlA>ol=^- «]--§-*. <$i& &4*&* ^^>7l ol^ofl, Tfl 

^-^o) Aj^ol ^ £3 °. Dfl o. H7ll - 7 |-Al 2} Sac}. ^3 O-^L, Til o]E2l # 

2^ ^-§-^1 <£<q ^^A>ol^. 7 > ^37^ nfl-f o^t}. 

3# ->H} 1^1 ^#*>7fl f^S^ , 711 ^ 

3# H7l] f7M^ 7fl°lB3.^B] ^#0_i^ ^e)A>ol^ tiV-g-^- ^^V Ajs^ 
2) EL7\) #5}-A]Z3 ^ o^Cf. ojofl a}-^, ^A}o)ZL$. tiT.-g.oH 

# ^ ^-§1 ^1^1 ^AfojtE.f.-g. ^A^ ^ $lcf. 



<39> £ 1-a- TflolE ^ eh (gate stack)-g: ^*Hr #7fll- 7fl^3 Ji^-:^ ^^o) 
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< 40 > £ i^- %V2-^ ( ny^] 71^(100)^1 ^^(110)^- -M^tt ^ <3<3 

(150)-i- ^ «>£^1 71^(100)^8: ^Sl^ 71^ H>^*>7fl ©l-g-^- ^ fltK 

M ^(llO) ^Hl 7iM;e ^#(210)^- S^^Ka. TflolH ^#(210) -S-ofl £ 

7lMH# ^Hl TflolH^^ 3flE^ aHI aiz| P>^H(etch mask) *§-SL3. °l-g-€ 

i3tt ^ ^ ^ ^g- °i-g-*H *}i=l *\^3.mom 

°l-§-*>^ TflolB^ sflE^^H TlMB (200)1- 
<4i> olei*V = ">iH(230)^ cf^^^ ^3^4 ^z]- ^i^Hll- ^ & 

^ ^elS- ^Sj-#(Si 3 N 4 ) ^SLS. *§>S=lfe ?A°] ^r^W. *};EL ^3(230)^ sflB^ 

sl^ tIM^ (200)3 ^o]o]] 4^ J^j-g. ^e]^- ^ 91°-^, ?1H B (200)3 feo] 7 > cfl 
"ef 1500A ifl*l 2000AU °fl *>^- ^3.(230)^ tflef 300A ifl*l 500A 3jJ£3 ^MlS. 
<r Si**. 1:^31, 7flolE(200)Sl ^o] 7 > t\\^ 1500A vflx] 2000A3 

^3 JitJ- ^711, cfl3= 10000 A *§^€ ^^-H-S, *}JEL n}^a. 

(230)^ 7lMH(200)3 ^-olofl oj^sfo) ZL ^7> ?M H>^*>rf. 

<42> oldt!: 7fl©lS(200)^ ^7}<y l-o] o.l/zm ©1^> ^AS. #4i=Hl n^e)-, tflsf 

0.1pm O. °]-&}°] ^^^cf. 

<43> £ 2 ^ 7flo]H(200)^ ^M^l (spacer: 250)* ^*Kr ^TjH 7fl^ SLS. 

<44> S. 2-fr TflojE (2(X))S1 ^ofl ^-^^i ^3\)o]*\ t$A£ 34^^ ol-g-sH ^ 

(250)1- ijfl 01^1(250)^ Jf^ofl ^€ §^ ^mcll, 

^#^4 AlZl- >y^«H ^^1 ^§ ^ i^, ^ 
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€ t 5W. °1 3 tr ^l°H(250)^r ^JS.ofl ^€ <r 

A>olofl A>s|-l-(MT0:Mid Temperature 0xide)#°l ;£<g£|fe 

SU^r. °le1tr ^1 o H(250)tt <£:£3l ^Hl 4Sr, nel^, 7lHB(200)£l 
^ojofl zl ^v\\A ^2r^ *r Sa^-M- cfl^= 300A ^] 500A fAS 

^s(M*1 (250)1- ^tr t!Hb(200H1 Sl^tr ^>£.^1 71^(100)^1 #^ 

^ (110)41^, SAlslxl^ e^i^^e^ ±^ *1 ^.eflo] <3<*o) LDDCLightly 

Doped Drain) =?-3l -f-^-S. H^^1^E^7> ^ ^ =e)l 

o] <g«£- ol^ ^oj ^(ion implantation process)* ^^i=r. 

£ 3£r ^(110) ^Hl 3#*Hr ^l^sl^l-ol c^Oio)* ^*Rr #711-1- 711 

£ 3* , 711^1 e ^H*! (250)1- ^f, r^/JEL^ ^^ol 

^(llOHl *lU^-### ^*r4. ^el^o]^ ^ °- ^<s} 

<*l #^ ^(110)4 *Hl^## ^l^elAVoi^^ ^l^s^Al-oicA 

(310)* ^^W. °1^<H1, ^2lA>oic^ xl ^o. ^ ^ ^^(110)31- 

*1 *fll#^r# ^-^8- A d^ 7 ^^ ^l^^AfoljE.#(310)# ^*Vcf. 

^l^sl^V°l^-#(310)^ 4i^/=5ll<y ^ ^(110) ^-rfl^ 

^-S fe£ *i*J-§- J±^ V *H #*fl ^1% V * Vfr^fe ^«-t- trcf. of e}, ^^/=eflo] 
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°1 3 ^1^^a>o1^^( 3 io)^ cfoj^v # ^ ^e]A>ol^(MSi x )5. °1^<H^ ^ SUt} 
. §<H , -M^A>oic (CoSix)( qaj ^e)A>oic( Ni si x ), ^elA>o] 

J=(MoSi x ) ^SLS. 0)^6]^ - 01 ^ n^ofls. «-^*Ml, *fl ^(channel )<*| 3 £ *Jr 

(310) °1 

£ 4^ ^ ^#(400)* «§^*Kr #311- 7fl^ o.s. JSL^^r ^£^1^-. 
-£ 4# ^l^elAfoliEi^Oio)-^ g b Alz]- ^^(400)^- ^A^Vcf. 0} 

sltb ^ #^.#(400)^ ^7}^ s flS, <^mcfl , W 

^ ^ *H *fll^^M-^(310H AlZ| ^ofl ^5]^ ^X)*}7} 

S.^^. 1}^, ^]l^#(metal-l) ^ *Hl^^} 

ol^(310) -#°-S.±r S\S. ^Aj-g. o}*]. ^Ejjol ^j^tf. ol^^V ^ sajft 

^*Rr ^ 4*cH ^1^ ^>°1 ^(310)^1 ^-f , ^l^^A>ol^^(3io)-^ 

^iz| sj-^^l £ oi^- 7 ^ « ^ 7]o)1 - ojcf. o)^. «j-xl§>7l o] 

^Aje^ A12| 4^ o)z)is). ^l^^Al.olc*(3lO)^- gi, Alz^- 

(400) -^^H ^iz| ^^cf. ole^v Myj Ai^- ^^(400)^ ^-7>^ 

Q ]^tt ^4 #5.^(400)^ 7flolH(200) ^ ^(encapsulating)^ 91^ 

ffcL ^3(230)1- gj£-if ^ 9X^. o)s\. £o] n>^a(230)l- *5Mf- 

& ^^-#(400) ^M}*) ^^*f^l^ ^Mr^fe -Aiz}- 
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<53> ojei*V -dizv #S.#(400)-8- ^ #J5.# ^Mr^ *|<3#^ § 

<54> £ 5^ *}^H(230) ^ ^)H*K250)7> ^*l«5Rr <3^<H1 f^£|^ 7l] o]H 

(200)3 ^ 2n#*Rr *J<£^(500)# l^sfe #31* 7|)^o.S H^^r # 

< 55 > £ 5# , TIM 3 (200) ^ *U^i^H^#(310) ^^^(500)^- 

^^^j-cf. o]e^ ^<£#(500)^ >IMB(200) ^ofl *>H. o>^h(230) ^ TlH 

o] u>^^4. SE*V, ^JLfK400)# :E<y*Rr ^ ^S#(400)3f£ 

<56> . ^11- l-o] , = d>^3.( 2 30) g TflojE i2flol^|(250), ^ #£Lf^(400)# w>^- 
z\f>}7\) ^Bj^ ^^s, ^§ ^-f , ^<£#(500)£- ^^-#32f ^-g-tb ^ ^ 

(500)^ 7llolH(200)5q- XMH Al-o]^ 7^( gap ) ^, A>ol j=^(310) 3 ^ 

^ ^ ^ *fl-§-(gap fill) ^H3°l >LV^-#S M 

<57> 7flolH(200) ^Hl, ^3-2-5., *J.e n>^3(230) ^MK^ ^^.^(400)* 

^ ^ ^5-^(400) ^Hl) 7flolB(200)l- ^ ^-g. *j| o.^ ^<£#(500)^ 
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^^#(500)^- »l)El^*H ^01^(200)^1 f>}B- n>^a.(230) ^ TflolH ^^1 o] 
<M (250)7]- <3<*-g; ic#tbcl-. 

^£#(500)^ ^e^^ <£b|^ ^^& ( 5oo)ol ^ 

^ T^^Li^i ^€ ^ ^cf. ^, ^^^(500)# 7fl°lH(200) 

-f , ^^#(500)^1 S^-§; 71)^1^(200)31 AVf tf^ ^<a^(500)# ^eJ-s^ 

«H 7flolH(200)£l ^«\) €^fl*Rr ^--g-* 9X^t. 

, £ 5^1 £Al^ ti>sf go] Aiz| ^S#(400)-g: S^Rr 
^<£#(500)# #^.#(400) tfofl 7flolH(200)# #<*H €^ll*Kr 7 ^ ^ 

& if, ^°1#(500)^ *i^-§- 3g^3H^. olnfl ? 3|H}^ $m 7 1^1^ «£u> 
(CMP: Chemical Mechanical Polishing) fAS. t^*] ^-Tll t S^. °l^t!: CMP^ 

#^#(400)^1 ^JL^KSEfe- <S*} ^^)o.S °l-g-*H ^^siq- 

°H, °1 ^ CMP^ ^zj- ^S#(400)# ^zl- ffi^^S ol^^ £ oj^ ^ 

-E el *r^£)<H ^s*-^ ^°1#(500)^ S.^o) a}z]- ^3.^(400) <q ^ S^iLT} ^of 
«>^^. °lt fl*IH %S.s) 3fS CMP(over CMP) 4^ 3 

t Sl^K °)^& ^£ CMP^ ^ ^^^(400) -4- ^zj- ^5L^ JJL oj 

^ ^1?J: b| CMP* ^^-AiM ^l^o s + oj.^ jgj^j rn) .^ ( ^<g^(500) 

3 ^ feo]^ 71101^(200)^1 *1-JEL *}^H(230)^ ^*1 o>efl^. ^51 ojtf. 



ol<4 £0] sgi^s^ ^?i^(500)2l &^5] feo)^- ^iz| ^^( 400) o| 

7flolH(200)Sl #^6fl ^*ll*Kr S ^ feol J£T} Vt-Tfl -fi-5=*Rr ^J-gr, A]Z]- 
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(400)°1 7lMm(200) 4e} 3.°^°) ^^s]^ ^ ^ S ^( 40 o)^ 

-r-^-UOlH ^<£#(500) A^E| ojj!^ tHl -B-Els>7l nfl^-o] 

4- 

°1 *M t> ^ #5.^(400)^1 <H*fl -¥-£-(401)^ -B-S^ 3£r, ^51^ 

*)-3H>H 7flo]H(200)^ 7}Z\JL (250)^1 ^ ^ ^7]^} 

7llolB(200)^ ^&-$r ^ ^#*Kr w>* ^Aj^Tll ^4. °1» TflolH is)lol 

*|(250)^ ^(251)S.^ Tflole ^5jlol^(250)^l ^ Vj f ^-f^- ^d^^^-S. ^7^ 

*>tt 4^ -£^^711 ^t}. ole^ TllolB ^s|]°H (250)sl H-^l- ^^o.^. ^.j} 
71 31*1H ^91^(500)^ TllolB ^1 °H (250)7)- $1*1 *Rr <3°4 ^» £#*K£^- ^ 

^^*>°l^l , ?]r ^ #«(400)^ ^r£]£r ^ 4^A^ 

^ #S.^(400)-8r ^^#(500)c>l ^^o] Tflol e ^1 ol^(250)7l- ^ 

^91^(500)^1 f^L#(400)3l 7flolH(200)^ ^ «- ^ g 

rr ^oll ^ #5^(400)^1 ol^H «.<H(4oi)# olal*V +\zj- 

fK400)^ <H*fl -^(401)^ ^l-^^^Tfl TflolS ^2)1 ol^(250)7l- $1 *1 *Kr 
51 711 5} 5-3., ^^#(500)^: ^>^i^7ll 711 olE ^5)1 °H (250)7j- ^ *1 *Rr ^ *H 
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>*^o_^, aiz| ^^.#(400)^ TflolH(200) <tf# ola^ ^zj- 

(400)5] cH^i] e^tb #*]-# 7H£1, ^^#(500)# ^4*1 4^^1-711 ^S. CMP 

^1 &<>KE o]e^ ^ S f,(4oo)^ o]*)) Jf^ (401)» ^o] 

4^1, ^l^^-S ^JE CMP^fl^ 9j*}^# #°J ^ CMP ^"^1^ 

^ 5^ ^ Sir*. 

^ #S^(400)°1 ^1^^.2.3. (optionally) :£°js]*l ^-f* JL^^ 

, ^^(500)^ 33 3-2.3. 711 °1B ^4o]a-1(250) ^ ^3(230) ^ ^JE^f ^ 

^Tfl ^cf. ^<3#(500)<>1 TllolH i^M^ (250)5] -*f^, ^, Tflole ^ 

all oH(250)£] o^fl -f-^(251) ^ ^3.(230)5] ^ ^#*K£^- ^U:^^ 

4. TflojE i^fl o]a] (250)2} <H*11 -f-^(251)7> 2n#£H TlM^ isIM *1 (250)5] 

°1» 31*1H, ^^-fr #n w>^^>7fl 5L°Js]^ CMP 2H3£t *}^3L(230) 5E 

TflolB ^} °H (250)5] o^fl «-^(251)# 5] o|n> ^S.^^.^ ^-%-^ 

^sj^cf. o]^, ^<a^(5 00 )ol 7)) o]H ^2Ho]a^(250)5] o]^ ^-^(251)# iH} 
^^Tfl ^#^>7l ^«fl^ ( ^<2#(500)5] <£ U |. ^^*V * oj^ 

D| 4£ 7fl^_°S ^r^5)7ll ^cf. 

^5] ^A]^ol]A^ ^JLS. TflolH (250)5] AjES 

3-2-3. ^7]s>o] tHo]H(200)5] €j^-|- ^o]£ t#A]7l^ W># A] SfjElS. , *j 
^3<?1 ^1^1- 5]*V 7]lo]E(200)5] ^O] ic:#£]7l ^ S}cx| ^^(SOO) 

^°]SL 7)1 o]E ^5flo]Ai (250)5] -^-5]!- ^#5>7lM- 5E^r S. 5*1] *(M3 ti><4 :£ 

°1 ££^(500)£ TllolH ^3H]olA-l(250)7> cg<* ^-o. i-^^-Tfl Jg^^tj-. 
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<68> j£ 6^- *}^3(230) ^ 01^(250)5] ^« *iM*rfe t£ 

Till- 7flt^l il^^Nr ^£^14. 

< 69 > £ 6^r ^sHl sflE^^ ^^#(500)# ^4 n}ias ol-g-s} 

°1 , ^<S#(500H 21 a]z| ^^.#(400) ^-^r ^, ZL spf^ ^-2= 4i3 
(230) ^ TflojH >i5fl °H (250)^ ^ Jf^-I- .^^*H °H, 

,J= *>^3(230)^ &qq°S. #31*1 7flolH(200)^) ^ S^(201)^>1 ^#5} 

5=^ *Vcf. SEth *i<a^(500H 711 o]h i*H (250)£) ^ TlHB 

(200)3 ^ ^ #^(205)^] ^ ^#^51^ eHl>i( recess) i*ll°H (250)3 

<70> ol<4 Al^^o] AlzV^ ^Z]- ^^(400), = n>^£i(230) ^ TlHS isfl°l 

A i (250)1- «>^-2)*>7il °1 ^s}-#4 4^as oj-g.^ ^<g* 

(500)-§- w> ^-^1^711 °1 ^z)€r ^# *H1 ^grtt ^ *}<i»wj» - ol^ 

^ f^#(400)3 Jf^-, ^51(230) 3l 7)}°}^ ^)°]*\ (250)3 3-L 

3« -id^JlS aflT^ ^ 5acf. ^tr, £^ ^] 4-^ ^r*3€ 3 

-f l-^(CF x )7l] ^z}- 7r ^3 7>>i ^ i^-*Rr ^zj- 7}if ol-g-3Hr 3x1 

^ 3^ 5L^o_5L*l , ^^S. ^51 711 ^€ *}3" #^.#(400)^1 

JR*. 5>= p>^3(230) g TflolH ^*ll°H(250)3 ^ ^» ^em^^^ ^ 

5*3-. 
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<72> o}^]^. ^d^^o] m^6\) 7flo]H(200)^ ^^(201)^^ o>u|e}- TflojH 

(200)3 4=^ fi<£(205) 3^ ln#^cf. TlH H(200)3 

(205)3 ^"71*1 ^d^^ ^^-1: ^r*8*Rr ^ 51*11 n}s}- d| ^ 

oicf. nj-efA^ ^iLofl afe^, ole^ t1Hh(200)3 ^#5^ ^ S^(205)3 ^ 

£ D fl-f ^ <H1# -i-^H , 71MH3 ^o]^ i/ 2 oll cfcfs^ 4= 

^cf. ^, 7flo]H ^11^(250)^ tfl^ 50 A ifl*] 10000 A ^i^M zl ^o] 7 f 

^ 5Zcf. ZL^ofli 711 ^*IM<M(250)fe 7flolH(200)^ *>ijL ^ 

^ m^l ^Mr*)^ 7A°) «H^*}i=h <>lfe 7flolH(200) ^ 0 H1 ^€ 

^2^e]A>o]c^o. s a. El ^w. 71^(100)^.5. ^ Qx\7\ ^Tfl SH* SE^ o]^ 

<73> ol^oll ^^^1^1, olEitb 7llolH(200)3 t#3^ ^ ^ (205)£r 

^€ ^l2^elA>ol=^^ =^oil s n^l^ A±S WlHS, *fl2^e|A>olJ= 

#3 ^^Tfl ^<5}JL7.} § ^-f , ole^v t1Mb(250)3 ^#3^r ^ ^ a 

^(205)3 ^gr Jit* ^711 ^^*>7fl €4. ^, ^7l*> AlZ^- 4^^- litj. ^Tfl - 

711 °1S ^1 (250)3 ^3tt iLtf ^711 S^*Vcf. 

<74> o)S%. ^ ^3 £ Q6\) ^l^m W>3" 71101^(200)3 ^ o]^ Til 

°1JeL(200)3 ^ 3^(205)* 2n#*Hr #(501)°1 ^3 ^-S. ^^*>7fl 

<75> £ 70. 7flolE(200)3 £^1 ^#*Kr ^ 2 ^-^#(351)-gr ^*Rr i&jfl* 
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£ 7^r ^-S^, TlM e (200)3 ^ ^(201) ^ tf^f ^ 5.^ (205 W 

3#*Rf ^I2#^#(351)-g- ^^#(500) ^oHl *fl2^#(351)£r ^ 

3 z\)2^?] 3»MH*1 7flo}E(200)S^-El ^e)^. ^*}# *fl^-w>o} 7flolH(200)^ 
3#*Hr ^SMl ^^H, ^12^-^^(351)^- 

TflolH(200) ^ 0 H1 ^^^Jl^V s]-^ ^2^elAfo]c^ =4* + o} 

3. ^l2^-^(351)ol ^€ ^ SlAi-f, 7llolB(200)^ ^J- Jiazf f-fc jib}^ ufl 

u)^#-g- *fl2^r#(351)iL5L H^SHr ^o] ^.cf tif^^cf. 

£ 8* ^l2^^A>o]csj. 7lMH(200)£}- 3#*Rr ^12^- 

^(S. 7^ 351)21 ^-§- ^s]A>ol = ^rl-. ol^ofl, ^ElAVojc^^ o^o. 
#(351) -^^-g- ^aj^AS a|]7l iE^ ^B^(strip)§H Til °1B(200) ^^ElAfo] 
^#(350)^ ^^W. ^lSltb ^l2^BlA>olc*(350)^- ^<#i& ^4=- j= (MSi x )S 

*r 5^. ^1* #<H, ^^AH = (CoSi x ), M€ ^5lA>ol = (NiSix)i M. 

3 ^^A>oic (MoSix) = o. s ol^o]^ ^ ojcf. n^<Hi £ -i:^*>ji, t11o1je(200) 

51 *1 Jl4«- -H^tt °fl, i-M ^2lA>olc^ ^2^3 el A>oli= #(350)^1 ^^£l 

7^1 351)4 711 01^(200) ^3*- 37)1 Sj-iift ^ 5a^. ^, ^12^^(351) 

^ ?lMB(200)e] ^ s^(£ 7^1 201)^^1 o>u|el- TiM B (200)3 ^ ^ 5.^(5. 
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79] 205)4i ^^Xl o]<4 Qo] 7tio-|;E(200)<4 *fl2^^(351) ^ ^3 

-8- 3X1 ^ ^-2.^.5., *]2^e]A].olJEL^ 3j-^6flA-l ^g-*V ^ejs. <£*}.cq 

7}¥*fl ^14. °H1 4^, JI^tt »}2^^A>ol=^(350)ol ^ 

q^>«y l-o] o.l^m ^1*1- ^t^ofl 4s}-, Til o]e (200)^1 ^ 

£t> O.ljtan ^1*> ^slJl &t}. nJ-eM, t^l^a}- tk°] 7flolH(200)^- XI 

2^#(351) AVojo] ^ ^^ol 3^3*1 ^, ^sflo} ^-fofls}- ^o] ^2^- 

^4 XMH7V T^B^ S^H^ ^^- ( ^1 ol ESq- ^12^## ^ 

^12^^a>o}c^. Ajel^ ^^o) %*} 

^A}o}^ tiV-g-^ ^«-*V <£*).cq ^ t o| ^^-ofl ^a-^- ^e)A>oi 

°] 7])o)^ a q V^ ^ofl ^l^-sq^Z. Tj] o]H^ Aj^ol O.lAmi ^-SLS. ^ , XM 

— ^ ^l2^-##^ ^e)AH^^ tiv-g-ofl ^ £ 

(200)^ S^(201) CL^Ei 7l]o)H(200)^ ^ ^« S^(201)-2.S *fl2^# 

(351)-^ ^o] 37fl SHHi ^ ojcf. olfif ;£o] ^ ig^o] H7l l ^V^ofl nj. 

^12^S1A>C]JE.5}- 4^ #ofl ^e)^- 4i+2] Dfl-f ^%^>7ll o|^c>|^ + olcf. 
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*\}2*£?)AW£.n ^^A>ol^ol aJaJ^ ^ floj, 

^£ ^l2^s]A)-o]«(350)ol ^^S)^- 7>^*>cf. 

St!", *MH ^=11°^ (250)4] ^ ^» a^*} *fl7i*Hr sz^oflAi ai 

z^xr Jicf #7fl S^^, 7flo]B(200)^ ^ S^CS. 6^ 205) 

#-8: ^711 ^ & t}. olofl rtfef, *fl2^s| A>oj = #(350)^1 iH} 

^MjS ^^Rr ^o] 7>^sfl^l cf. ^l2^e)A>ol = #(350) * ^ 71^0.5. o_ = 

*flsL 7flolH(200)S.^ ^ AH 7i%V# ufl-SjL 3711 V£# ^ SX^. <4 

eM, oVs^j ^>^1 #5. g AJ5)^# J£t} 3711 7fl^Al^ ^ 5^4. 

olsq. £o] ^2^ el AH ^(350)* ^g*V ^ 5^5)*!^ &#o.u|. 2\]2^z)a}°]!=l 
#(350)-ir ^^Rr 4* °1 z] ^<S#-§- ^~f-*> 

c*} ^ll^^AfoljE.#(310)* ^#*>^r contact hole)* ^*Kr s\S. ^ 

^* ^« ^ sa^. °h, ^i^a>oi;el#(3io)* sa^r ^ 

(310)£, ^le^ ^Aj^ a|z}. ^ofl ^l^slA>ols.#(3io)ol ic#s|^ ( ai 

5- D }A 3f ^t^}^ sj-^ aiz]- 4^ 
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I" 0 !, 5= 3<*M ^1^5^M^#(310)-g- ol^ofl^ 

— ^3.(230)* *fl7i*Kr ^^-g- i<y^- ^ &t}. o]5q- ^ 3r>c p>^h(230)^ 

3<?1 Si** ^ SL^Rf ^ ^ ^4 ^ A1Z| o]^^ 7>^>Cf. o] 

3* ^-f , ^*HHH ^B#CE 49] 400)°fl ^sfl^i ^^^( 

£ 5^ 500)9] ^IL^r ^€ ^ 5^. ^l^tb , 7]]°lB 

(200)^1 ^ ^(205)^1 # 5£^r Jit} ^-cflj^ ^ Jf7|-^<y S. 

£ 7l#^ A>^> ifl^^ ^ -g-o)o] 7 ^ ^ofl oj^fl 

^t!" l^^l 4^, te*H 4i7>^ c]7}ol #o] o.l/^in °]tr> ^-o.S #3*1 
4^£)<H 7fl°l2=o] a]s.o] o.l/an ol^> #2^1 nfl, TflolB ^T-ofl ^ 

7flolB ^d^-°l 0.1/an °1*> #o_3. ^e]A>o]c^|. a>:g. a] ojj Tflo] 

x$o\ ^Al^oflA^ 7fl°lBSl ^ ^ £tt ^^Aj-o]^.^ £-§"§■ £<ys|^ 

^ 3#*Hr TlMB^I S^^* S^tK^*! ^B]4°lH2)- '^E^ ± 
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a>o]c^ ;gc^ = o_ s iLs^l #e|).S. -fM€ t n^s}-^ , ii/^ello] cg^o. 

^ a)ch] A-l^-i: SH} ^5)7)1 S^l- ^ ^cf. 
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11 

■ #31; 

^#*}tt *§^*Hr #31; 

^71 ^ v}^3.S. ^7l sr>= n>^a. ^ Aj- 7 ] ^o^o) ^ 

A oM TflolH^ ^ S ^ ^ ^tfl S^ofl ^^>^ ^*Rr # 

Til; ^ 

^ #31* i^*Hr 3* ^.^5. *>fe 3MB #°fl ^ ^^Afol^.^^- ^ 

[^^^ 2] 

3U1H1 5a<>H, 
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[3^* 3] 

^-71 *}EL n>^3^ ;gs|-#-g- JL^H ^^TT ^ *}^r Tfl o] 

[^T 1 * 4] 

^-71 i2flo]A^ ^Sfl-^ 3^3^. 3* Sj-fe 711 o]B 

I^T 1 * 5] 

^12^0)1 5^1, 

A oM ^<£#^ 5L^H ^s)^ ^JIS ^ TllolH 

[3^* 6] 

^1^1 91°]^, ^71 ^*Rr ^Tfl^ 
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[^T 1 * 71 

^ W» ^ ^S. 1=1 ^*8*M #^1» -3t^-*H& ^ Tflols 

8] 

[^T 1 * 91 

^-71 ^12^e]4°1hH ^-71 ^lli^elAHEf4^ ^3 
10] 

^19^H1 5a°H, 
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[3^* 11] 

12] 

#31; 

TflolBSl ^Ml iS|l°H» ^f^r cjTjj; 

#31; 

£ J|L Alzf ^*Rr #31; 

^"71 ^ ^Hl ^7l *]-2= °}i3 ^ ^71 ^Sflol^^ ^ 3^*] 

A oM ^Zj- ^JL^ AjEJj^A^. lc#*Kr :£<3f-§- ^*Rr #31; 
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#7l ^£#-8- ^4 4^35. #7l Jf£- ^ ^7} 

^#^1 #7l 71) oje^ AV^ K t£ g 4^ ^ofl ^#75Rr <8^*Hr #31 

> ^ 

I^^g- 13] 

^112%H1 &°H, 

^^#^r #7l ^ #7l S}.EL n>^ 3 * # 7 | ^ 0 ] ^ S>f X) z| €j 

w]« ^*Hr ^ #^5- ^3tt ^ 711 oje #°H = ^ 

[^^J- 14] 

*lll3%M] 

#71 ^ ^3-%-, #71 = P>^3 ^ #7l Zj-Z]- i 

3^5^ 3-1: *}^r TflolH ^Hl ¥^^r ^ -€^^>°1^#* ^*Kr 

WW 15] 
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*i<£^ <L>^l-i- ^^Sjfe t^ 1 ^ *}tt 7fl°lH # 

16] 

#7l ^4 ^oHl #7l ^<3f^ f^SKr #?11; £ 

A J-7l ^<S#-i: ^ -& 5Lf-*Hr 53* ^ ^ 711 ol 3 #°fl ¥^-Sr 

17] 

°1H #°fl ^7)£ ^elAfoi^^-g- ^*Kr tii-tf . 
18] 

^112^1 &<>H, 

#71 ^l2^elA}o) a o v 7 ] ^U^elAVoic^^^ tq.s. ^e|A>oiH. ^#s] 
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[^n 1 * 19] 

[^H 1 * 20] 

^12%H1 &<>H, 
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